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The Land and the Rocks of Crowders Mountain State Park 

Geologic and technical terms used in the text are indicated in bold italics and defined in the glossary at 

the back of this guide. 

Crowders Mountain State Park lies within the Piedmont physiographic province of North 
Carolina in Gaston and Cleveland Counties (fig. 1).  The Piedmont is separated from the Blue 
Ridge physiographic province by the Blue Ridge Escarpment.  Far to the east of the Park, the 
Fall Zone separates the Piedmont from the Coastal Plain physiographic province.  The Piedmont 
is typically characterized by gently rolling hills, heavily weathered bedrock, and a general 
scarcity of exposed solid rock, known as outcrop.  The relatively humid climate of the Piedmont, 
receiving approximately 45 inches of rain annually, speeds the chemical breakdown and erosion 
of rock.  Unlike the rugged Blue Ridge physiographic province where rock outcrops are plentiful, 
rock in the Piedmont is typically found buried beneath a thick (3 to 50 feet) layer of soil and 
highly weathered rock called saprolite.  Outcrops of solid rock are usually restricted to stream 
valleys where the saprolite layer has been removed by erosion.  Generally, the topography of 
the Piedmont becomes steeper closer to the mountains where monadnocks of more resistant 
rock stick up above the Piedmont surface.   

 

 
Figure 1: Location of Crowders Mountain State Park and physiographic provinces of North Carolina. 

 

Is There a Monadnock Around Here? 

 

The topography of Crowders Mountain State park is unique.  Located near the central portions 
of the Piedmont (almost half-way between the Blue Ridge and the Coastal Plain), this area has 
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topography similar to the foothills in the western portion of the Piedmont province near the 
mountains.  The summits of Crowders Mountain (1,625 feet above mean sea level (msl)) and 
The Pinnacle (1,705 feet msl), sit high above the gently rolling hills of the Piedmont at 
approximately 800 - 900 feet msl.  That is over 800 feet of topographical difference!  Compared 
with typical locations in the Piedmont, rock outcrops are relatively abundant in and around the 
Park.  Crowders Mountain, The Pinnacle, and the series of ridges that the Ridgeline Trail 
follows, are monadnocks that are prominently displayed on a hillshade elevation map created 
using LiDAR elevation data (fig. 2). 

 
Figure 2: Hillshade elevation map created using LiDAR elevation data showing prominent topographic features in 
the Crowders Mountain State Park area. 

 

Why Are There Mountains Here? 

 

Simply stated, the rocks that underlie Crowders Mountain, The Pinnacle, and the ridges in and 
around the Park are harder (more resistant to erosion) than rocks of the lower-lying areas.  
Through millions of years of erosion, wind and rain have sculpted the landscape to what we see 
today. 

 

 



3 

 

 

Rock types in the Park 
 

Geologic Maps Tell Us the Type of Rock under Our Feet. 

 

Geologic maps (as depicted in plates 1 and 2) show the distribution of rock types and 
unconsolidated material in an area.  The different colors on a geologic map indicate various 
geologic units.  The lines on the map indicate the locations of the contact between geologic 
units, faults, and folds.  Points indicate the location of outcrop, former or active mines and 
prospects or other geologic features.  To produce a geologic map, a geologist systematically 
walks and/or drives the subject area looking for rock outcrop, other geologic material, evidence 
for faults, and active and former mines and prospects.  The geologic map is the fundamental 
starting point in understanding the landscape of an area and the geologic history.   

 

To geologists, rocks are much more than hunks of material ς they tell a long, sometimes violent, 
and sometimes complicated story of the history of our Earth and our state.  This section 
describes the various rocks types and rock units encountered in and around Crowders 
Mountain State Park.   

 

To learn about the rocks exposed in and around Crowders Mountain State Park, we must first 
introduce the three basic rock types of geology - igneous, metamorphic and sedimentary rocks.  
All three of these rock types are present within the Park, making it an excellent place to learn 
about geology! 

 

The Park contains two fundamentally different types of geologic units: 1) bedrock composed of 
primarily ancient metamorphic rocks intruded by a minor but an important igneous rock type 
called diabase and (2) surficial sedimentary deposits that mantle the slopes of the mountains 
from geologically recent (less than 2.5 million years old) erosion. 

 

Metamorphic Rocks 

 

The bedrock in the Park is composed of mainly metamorphic rocks.  Metamorphism is the 
changing of a rock due to heat and pressure.  Mountain-building events - typically from the 
collision of islands with other islands, islands with continents, or continents with continents - 
cause rocks to be buried deep in the Earth.  Temperatures and pressures are much higher deep 
in the crust than at the surface of the Earth.  The depth to which a rock has been buried (and 
the resulting temperature and pressure) determines the degree of metamorphism.  A rock 
buried deep in the Earth generally will have a higher degree of metamorphism than a rock that 
remained closer to the surface.  Metamorphism can be extreme (like extensive plastic surgery) 
or slight (like someone receiving a suntan at the beach).  Extreme metamorphism (called high-
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grade metamorphism by geologists) involves the re-crystallization of the rock in which new 
minerals replace the original ones.  This causes the high-grade metamorphic rock to look 
nothing like the original rock.  Slight metamorphism (called low-grade metamorphism) is 
sometimes so slight that the rocks barely look changed except to the trained eye of a geologist.  
The rocks associated with Crowders Mountain have been metamorphosed somewhere in 
between low- to medium-ƎǊŀŘŜ ƳŜǘŀƳƻǊǇƘƛǎƳΤ ǎǳōǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ǇǊŜŦƛȄ άƳŜǘŀέ ƛǎ ŎƻƳƳƻƴƭȅ 
added to the rock name or metamorphic rock type names are used.  The rocks have been 
changed significantly from the original rocks, however, some rocks retain enough of the original 
features for geologists to interpret the original rock type with confidence. 

 

There are many metamorphic rock types (e.g. gneiss, schist, phyllite, quartzite, metatuff, 
metaconglomerate, marble, etc...); most important to Crowders Mountain State Park are the 
following: 

 

Schist and phyllite:  metamorphic rocks formed from sedimentary rocks like mudstone, 
siltstone, and some sandstones.  Schists typically have an abundance of flaky minerals called 
mica (biotite and/or muscovite) whose flakes you can see with the naked eye.  Phyllite is 
composed of similar flaky mica-like minerals but the individual flakes are very small.  The flaky 
minerals align themselves in thin layers and give the rocks a characteristic typical of some 
metamorphic rocks called foliation. 

 

Quartzite:  a metamorphic rock formed from sandstone composed of mainly quartz mineral 
grains.  Quartzite is very resistant to erosion since it is mainly composed of the resistant mineral 
quartz. 

 

Metaconglomerate:  a metamorphic rock formed from the sedimentary rock type 
conglomerate.  Conglomerate is a rock composed of fragments of rock - that are typically 
rounded by tumbling in water - in a fine-grained matrix of sand- to silt-sized sediments. 

 

Metatuff :  a metamorphic rock formed from tuff.  Tuff is a volcanic igneous rock formed from 
the consolidation and lithification  (process of forming a rock) of volcanic ash.  Another 
metamorphosed volcanic rock present in the park is metafelsite.  Metafelsite is a type of 
metamorphosed lava. 

 

Hydrothermally altered Rocks 

 

Rocks showing signs of being altered by hydrothermal fluids are common in the Crowders 
Mountain area.  Hydrothermal alteration occurs when water, heated by magma, permeates 
through rocks or deposits and changes their composition by adding, removing, or redistributing 
chemical elements.   
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Magma associated with the ancient volcanic activities in the Crowders Mountain area heated 
local seawater and circulated it through the volcanic and sedimentary deposits.  When the 
heated water and fluids rose to the surface of the sea floor, they may have formed 
hydrothermal vents.  Hydrothermal alteration may drastically change the appearance of rocks, 
often changing rock into clay.  The hydrothermal fluids in the Crowders Mountain area 
essentially removed most of the elements that are easily dissolved (e.g. potassium, sodium, and 
calcium) and left behind silica- and aluminum-rich clays.  When the area was subjected to 
metamorphism, the silica- and aluminum-rich clays changed into kyanite-bearing quartzite.  
Kyanite is a bluish bladed-shaped mineral and, like quartz, is a very resistant mineral.  Kyanite is 
also used in the manufacturing of high-temperature ceramics.  The presence of abundant 
kyanite at Crowders Mountain and The Pinnacle made the location attractive to mining 
companies.  Due to the efforts of a local conservation group, the area was established as a State 
Park in 1973. 

__________________________________________________________________________________ 

Kyanite and the Blue Daggers: 

 

Kyanite is a metamorphic mineral that is typically blue in color and shaped like little blades 
(little daggers).  In places in Crowders Mountain State Park it can be found in the aluminuous 
quartzite unit (Caq unit on plates 1 and 2).  The kyanite at Crowders is more of a blue-gray 
color. 

 

Kyanite is utilized as an economic mineral due to its physical and chemical properties.  Kyanite 
is relatively chemically inert, has a high dielectric strength (a material that has negligible 
electrical or thermal conductivity), and a high melting point.  It is used in the ceramic industry in 
the production of heat-resistant products such as electrical insulators.  It is used in porcelain 
plumbing fixtures and other ceramics (like dishware) and is used in electrical insulators and 
abrasives.  Kyanite is also used as a semiprecious gemstone. 

 

The kyanite within the aluminous quartzite unit found in Crowders Mountain State Park is also 
found in many locations within the region occurring as thin strips in North and South Carolina.  
In South Carolina at HenryΩǎ YƴƻōΣ YȅŀƴƛǘŜ ǿŀǎ ƳƛƴŜŘ ƻŦŦ ŀƴŘ ƻƴ ŦǊƻƳ ǘƘŜ мфолΩǎ ǘƻ ǘƘŜ мфслΩǎΦ  
Lǘ ǿŀǎ ǘƘŜ ƴŀǘƛƻƴΩǎ ǎŜŎƻƴŘ ƭŀǊƎŜǎǘ ǇǊƻŘǳŎŜǊ ƻŦ ƪȅŀƴƛǘŜ ŦƻǊ ǎŜǾŜǊŀƭ ȅŜŀǊǎ ƛƴ ǘƘŜ мфслΩǎ όIƻǊǘƻƴΣ 
мфумύΦ  Lƴ ǘƘŜ мфтлΩǎ, a mineral exploration company began investigating the kyanite resources 
at Crowders Mountain and the Pinnacle.  Due to the threat of Crowders Mountain and the 
tƛƴƴŀŎƭŜ ŦŀƭƭƛƴƎ ǘƻ ǘƘŜ ǎŀƳŜ ŦŀǘŜ ŀǎ IŜƴǊȅΩǎ YƴƻōΣ ƭƻŎŀƭ ŎƻƴǎŜǊǾŀǘƛƻƴ ƎǊƻǳǇǎ ƻǊƎŀƴƛȊŜŘ ŀƴŘ 
through their efforts the area was established as a State Park in 1973. 

____________________________________________________________________________________ 
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Igneous Rocks 

 

In addition to the metamorphosed igneous rocks present in the Park (metatuff and metafelsite), 
the igneous rock type called diabase is present in a very small amount in thin bodies called 
dikes.  Although diabase represents a small portion of the rock types in the Park area, it helps 
tell an important part of the overall geologic history of the area and the Earth.  Diabase will be 
discussed further in the geologic history section. 

 

Sedimentary Deposits and Rocks 

 

Generally, sedimentary deposits and rocks form from the erosion, transportation and re-
deposition of older rock types.  Igneous, metamorphic and sedimentary rocks can be eroded 
and broken down into pieces to become components in a sedimentary deposit or rock.  
Sediment is naturally occurring material that is formed from the breakdown of rock material 
through weathering and erosion.  Sediment particles can range from boulder-, cobble-, sand-, 
silt-, to clay-size.  Surficial sedimentary deposits mantle the steep slopes of the mountains in 
the Park and in many places cover the bedrock.  The deposits are identified as colluvium on 
plates 1 and 2. 

 

The metaconglomerate, quartzites, schists, and phyllites that underlie most of the park began 
as the sedimentary rock types conglomerate, sandstone, siltstone and mudstone.  As the names 
imply, conglomerate is composed of a conglomeration of rounded to partially-rounded  
boulder-, cobble-, gravel- and sand-size sediment, sandstone is composed of sand-sized 
sediment, siltstone is composed of silt-size sediment and mudstone is composed of mixture of 
silt- and clay-size sediment.   

 

The Park is underlain by a whole bunch of Schist! 

 

The geologic map of the Park (plates 1 and 2) indicate that the area is separated into two main 
rock formations: the Blacksburg Formation and the Battleground Formation.  The Battleground 
Formation and its various units form the bedrock that underlies the Park.   

 

On the Park property, the various rock types of the Battleground Formation have been grouped 
by Horton (2008) into several geologic units (plates 1 and 2).  Three of these rock units are 
composed of the rock types schist and phyllite and underlie most of the Park (Geologic units: 
Cbs: quartz-sericite phyllite and schist; Cbms: biotite-muscovite schist; and Cbfs: felsic schist 
and gneiss (metafelsite)).   
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The presence of these rocks tell geologists that the ancient environment present when the 
sedimentary rocks were being deposited was at the bottom of an ocean.  Additionally, the 
schists and phyllites are interlayed with rock types named metatuff and volcanic 
metaconglomerate (ex. Cbct-plagioclase-crystal metatuff, Cbvc-volcanic metaconglomerate and 
Cbmp-mottled phyllitic metatuff).  Based on the main rock types present under the Park 
(metamorphosed sedimentary rocks and volcanic rocks), geologists can interpret that the area 
of the Park was once under water and located near to a volcanically active area!  Looking closer 
at the rock types, we can tell more! 

 

The presence of thin geologic units in the Park help explain why there are 

mountains and also unlock important clues to the geologic history of the area 

and the Earth! 

 

Interlayered with the schists and phyllites are thin geologic units ranging from just a few feet in 
thickness to only up to a few hundred feet thick.  These units may be thin and only underlie a 
small portion of the Park, but collectively are responsible for the landscape we see at the Park 
today and offer important clues to the geologic history of the area.  Two of these units are 
composed of quartzite (Cbaq: aluminous quartzite) and metaconglomerate (Cbc: Dixons Gap 
metaconglomerate).  Quartzite is metamorphosed sandstone and metaconglomerate is 
metamorphosed conglomerate.  These units are important for two reasons:  

 

1) The quartzite and the metaconglomerate are very resistant to erosion compared to the 
schists and phyllites that underlie most of the Park.  Since they are more resistant, they 
withstand better the effects of erosion and form the ridges and mountains in the Park.  The 
quartzite is the most resistant and is what forms Crowders Mountain and The Pinnacle.  The 
metaconglomerate forms some of the ridges in the Park and is present on a few segments of 
the Ridgeline trail.  

 

2) In a very general sense, the presence of metaconglomerate and quartzite indicate that there 
was geologic uplift  somewhere within a few to up to multiple miles away.  The presence of the 
conglomerate indicates that something geologically interesting was taking place.  This uplift 
formed higher ground that began to erode sending tons of rock debris down rivers and possibly 
into underwater canyons to be deposited underwater in the area to later become Crowders 
Mountain State Park.  The metaconglomerates within and nearby to the Park were the subject 
of some high-tech geologic research headed by researchers from the University of South 
Carolina Aiken (Dennis and Baker (2012), Dennis et al. (2012a and b), and Dennis (2014)).  
According to their research, the metaconglomerate layers may mark the period when the chain 
of volcanoes, that included modern-day Crowders Mountain State Park, began to separate from 
the ancient Gondwana continent.  Additional information about the work of the University of 
South Carolina Aiken researchers is provided in the side bar text.  Details of how the research 
fits into the geologic history of the area is provided in the geologic story section of the text.  
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The Geologic Story ς How the Rocks Got There 

Prologue 
 

The geology presented so far has primarily been a description of the rock types present in 
Crowders Mountain State Park.  However, just a description of these rocks does not tell us how 
the rocks formed or how the rocks were changed or altered.  The following section presents the 
geologic story of how and when the rocks formed.  Through detailed geologic mapping and 
work by many investigators in the immediate areas surrounding the Park (as well as similar 
areas throughout South Carolina and North Carolina), the geologic story of the Crowders 
Mountain State Park was pieced together.  This story combines many geologic investigations 
conducted within the Kings Mountain terrane, Carolina terrane, and from other locations 
throughout the Southeast.  For a detailed review of some of the most recent geologic 
interpretations of associated rocks, at the time of publication, see Hibbard et al. (2002) and 
references therein, Horton (2008), Dennis and Baker (2012), Dennis et al. (2012 a and b), 
Hibbard et al. (2013), and Dennis (2014). 

 

This story is an interpretation, pieced together using facts acquired from scientific field data 
and laboratory studies of the rocks from many different workers.  As more geologic research is 
performed, some of the interpretations of the geologic story of the area may change.  Changing 
interpretations about the geologic story is a vital part of the scientific process.  The rocks will 
always stay the same in our lifetime but the interpretation of what the rocks tell us may 
change, and should change, as more knowledge is developed. 

Overview 
 

Geologists like to group the rocks of large areas of the Earth into swaths of land that share a 
similar geologic history.  Crowders Mountain State Park lies within the Kings Mountain terrane 
(Dennis et al. (2012 a and b) and Dennis (2014).  The Carolina terrane and nearby Charlotte 
terrane and other terranes collectively are grouped together and called Carolinia by geologists 
(fig. 3).  Carolinia represents an amalgamation of chains of volcanic islands that originally 
formed far away from ancient North America and through plate tectonics and many millions of 
years travelled across an ancient ocean and collided with and became part of North America.  
The terranes that compose Carolinia are also known as exotic terranes.  The rocks exposed at 
Crowders Mountain record a small but important piece of the greater than 600 million year 
history of Carolinia.  The rocks associated with Carolinia underlie a significant portion of the 
southeast US (including over a half of the Piedmont of North Carolina), so the geologic history 
of Carolinia and Crowders Mountain is a significant part of the overall geologic history of North 
America and the world. 
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Figure 3: Map showing location of Carolinia with respect to the Southeastern US and other major geologic features. 

______________________________________________________________________________ 

Terranes, Sequences and Belts 

 

{ƻƳŜǘƛƳŜǎ ƛǘ ǎŜŜƳǎ ǘƘŀǘ ƎŜƻƭƻƎƛǎǘǎ ŎŀƴΩǘ ƳŀƪŜ ǳǇ ǘƘŜƛǊ ƳƛƴŘ ƻƴ ǿƘŀǘ ǘƻ Ŏŀƭl something.  For 
many years, ǘƘŜ ǘŜǊƳ άōŜƭǘέ ǿŀǎ ǳǎŜŘ ǘƻ ƎǊƻǳǇ ǊƻŎƪǎ ƻŦ ǎƛƳƛƭŀǊ ƳŜǘŀƳƻǊǇƘƛŎ ƎǊŀŘŜ ƻǊ ƻǘƘŜǊ 
similar characteristics (e.x. Carolina slate belt and Charlotte belt).  Since the mid-мффлΩǎΣ ōŜƭǘ 
terminology has been abandoned in professional geologic literature for terranes.  A geological 
terrane is a fault-ōƻǳƴŘŜŘ ŦǊŀƎƳŜƴǘ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘ ǘƘŀǘ ǎƘŀǊŜǎ ŀ ŎƻƳƳƻƴ ƎŜƻƭƻƎƛŎ ƘƛǎǘƻǊȅ 
that is distinct from surrounding terranes or areas.  The Kings Mountain area used to be called 
the Kings Mountain belt.  Today, some geologic researchers interpret the Kings Mountain area 
to be its own terrane (Dennis et al. (2012 a and b) and Dennis (2014).  Other workers interpret 
it to be a part (a geologic sequence) of the Carolina terrane (Hibbard et al. (2002), Horton 
(2008), Hibbard et al. (2013)).  No matter what you call it, the Kings Mountain area has distinct 
rock types that tell a wonderful geologic story! 

_____________________________________________________________________________ 
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A quick geologic history 
 

Beneath the peaceful forests surrounding Crowders Mountain State Park the rocks record a 
long, sometimes violent, and complicated geologic past with many different episodes of 
volcanic activity that span many millions of years.  The geologic history of Carolinia began more 
than a half a billion years ago, when, far away from ancient North America, a chain of volcanic 
islands was forming.  Multiple generations of volcanoes were actively erupting billions of tons 
of ash and other volcanic debris over millions of years.  Fast-forward many millions of years 
later, we find a major part of Carolinia undergoing a new phase of volcanism on or very near 
the ancient continent of Gondwana.  Later, Carolinia rifts away (breaks away) from Gondwana 
and slowly makes its way across an ancient ocean toward an eminent collision with ancient 
North America.  Carolinia eventually collided with - and welded to - ancient North America.  
Millions of years later, around 300 million years ago, the ancient African continent collided with 
ancient North America forming the supercontinent Pangea.  During the Triassic period, 
beginning about 245 million years ago, Pangea split apart, forming a system of rift -valleys up 
and down the eastern edge of North America.  Approximately 200 million years ago, magma 
intruded the rocks and formed the multitude of dikes of the rock type known as diabase found 
throughout the Piedmont and in Crowders Mountain State Park.  As Pangea continued to split 
apart, the continents we know today took their shape and the Atlantic Ocean was born.  The 
great mountain range formed from the collision of ancient North America and Africa was 
eroded away.  Its sediment was deposited on the newly formed Atlantic coastline creating the 
sedimentary deposits of the Coastal Plain.  Millions of years of subsequent uplift and erosion 
slowly formed the landscape visible today within the Park and its surroundings. 

 

The OId Arc - The Early History of Carolinia: Circa 630 Million Years Ago 

 

Off the coast of the ancient continent called Gondwana (which included portions of the present 
day African, South American and Antarctica continents), at the edge of a convergent plate 
boundary, younger, more buoyant, oceanic crust collided with and rode over older and denser 
oceanic crust (fig. 4).  As a result, the denser oceanic plate was pushed deep into the Earth and 
a subduction trench was formed.  (Examples of modern day subduction trenches are associated 
with the Aleutian island arc - Aleutian Trench in Alaska, the Java and Sumatra island arc - Sunda 
(Java) Trench, and the volcanic islands of Japan - Japan Trench.)  Plunging deep into the Earth, 
the subducted crust carried large quantities of water down into the subduction zone.  The 
addition of wateǊΣ ŎƻǳǇƭŜŘ ǿƛǘƘ ǘƘŜ ŜȄǘǊŜƳŜ ƘŜŀǘ ŀƴŘ ǇǊŜǎǎǳǊŜ ŀƭƭƻǿŜŘ ŀ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ 
mantle above the subducting oceanic slab to melt and form magma.  Giant blobs of buoyant 
magma (imagine a lava lamp but much slower) slowly ascended through the younger oceanic 
crust all along the forming volcanic island arc (fig. 5).  This island arc represents one of the 
oldest identified periods of volcanic activity associated with Carolinia and was likely more than 
600 miles (1,000 kilometers) long.   
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Figure 4: Diagram of an oceanic-oceanic plate convergence zone showing subduction trench and volcanic island arc. 

 

 
Figure 5Υ 5ƛŀƎǊŀƳ ǎƘƻǿƛƴƎ ǘƘŜ άhƭŘ !ǊŎέ ƻŦ ǘƘŜ /ŀǊƻƭƛƴƛŀ Volcanic island arc - ca. 630 million years ago. 

 

To help simplify the long and complicated history of Carolinia, geologists have begun referring 
to the volcanic arc associated with the early history of Carolinia (specifically the oldest portion 
of the Carolina terrane) as the Old Arc (see Hibbard et al., 2013 for detailed information).  The 
Old Arc itself has a long and complicated history with multiple periods of volcanism and 
evidence of slamming into another island arc (which left evidence of a deformation event).  The 
rocks associated with this Old Arc are now exposed from parts of the Piedmont of Virginia,  
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Figure 6: Paleo-reconstruction cartoon of the Earth approximately 550 million years ago indicating relative location 

of the Carolinia arc with respect to ancient North America.  Present day outline of North America shown for 
reference. 

 
Figure 7Υ 5ƛŀƎǊŀƳ ǎƘƻǿƛƴƎ ǘƘŜ άbŜǿ !ǊŎέ ƻŦ ǘƘŜ /ŀǊƻƭƛƴƛŀ ±ƻƭŎŀƴƛŎ ŀǊŎ ŘǳǊƛƴƎ Ƴŀƛƴ ŀŎǘƛǾŜ ǾƻƭŎŀƴƛŎ ǎǘŀƎŜ - ca. 550 

to 545 million years ago. 
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southwest through Chapel Hill and Siler City, NC.  Eno River, Umstead and Raven Rock State 
Parks are all underlain by rocks associated with the Old Arc. 

 

At some time before approximately 550 million years ago, the old arc became situated on top 
of continental crust associated with the Amazonian portion of the Gondwanan continent (figs. 6 
and 7).  Geologists still do not know the details of how the Old Arc got on top of a piece of 
Gondwanan continental crust and different interpretations exist. 

 

The New Arc ς Renewed Volcanism on Carolinia: Circa 550 Million Years Ago 

 

Beginning about 550 million years ago, a new chain of volcanoes began to form on top of the 
now extinct and buried volcanoes of the Old Arc (fig. 7).  The rocks associated with this New Arc 
are now exposed near Asheboro, NC and extend southwest into the Uwharrie Mountains 
(which includes Morrow Mountain State Park) and into South Carolina.  In North Carolina, these 
rocks have been dated at about 550 to about 540 million years old (summarized in Hibbard et 
al., 2002; Pollock, 2007; and Hibbard et al., 2013).  After around 540 million years ago, the New 
Arc began to pull itself apart (known as arc rifting) (fig. 8).  This rifting likely caused additional 
volcanism but also caused the New Arc to subside (sink) with the deposition of thousands of 
feet of sediment.  These layers of sediment with interlayered volcanic rocks extend from south-
central North Carolina into South Carolina and part of Georgia.  

 

 
Figure 8Υ 5ƛŀƎǊŀƳ ǎƘƻǿƛƴƎ ǘƘŜ άbŜǿ !ǊŎέ ƻŦ ǘƘŜ /ŀǊƻƭƛƴƛŀ ±ƻƭŎŀƴƛŎ ŀǊŎ ŘǳǊƛƴƎ ǘƘŜ arc rifting stage ς  

ca. 540 to 530 million years ago. 
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The rocks of the New Arc are younger but very similar to the rocks of the Old Arc.  These 
volcanoes, like the volcanoes of the Old Arc, went extinct and were eroded and covered with 
sediments.  The oldest rocks exposed in Crowders Mountain State Park are interpreted to be 
part of the New Arc of Carolinia. 

 

Volcanoes and Volcanic Activity of the Old and New Arcs 

 

Geologists studying ancient volcanic regions, like those of the Old and New Arcs of Carolinia, 
use modern volcanoes and their deposits as a guide to help them unravel the geologic history.  
Many of the rocks exposed within Carolinia have identical features to rocks being deposited by 
volcanoes or from the erosion of volcanoes today.  From a comparison to modern day volcanic 
areas and geologic processes, geologists can piece together a general picture of what it may 
have been like on ancient Carolinia. 

 

The main phases of volcanism on both the Old and New Arcs were from the subduction of 
oceanic crust either under other ocean crust (Old Arc) or under continental crust or a fragment 
of continental crust (New Arc).  During the subduction process, water in the subducting 
sediments coupled with the extreme heat and pressure allowed ŀ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜ 
above the subducting oceanic slab to melt and form giant blobs of magma (molten rock).  The 
magma blobs worked their way upward through the crust, the blobs coalesced into larger 
masses and settled in zones between 2 to 6 mƛƭŜǎ όо ǘƻ мл ƪƛƭƻƳŜǘŜǊǎύ ōŜƭƻǿ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ 
into magma chambers. 

 

The crust above the growing magma chambers began to bulge and swell and some of the 
magma began to move toward the surface along faults and fractures.  If on ocean crust, the 
magma eventually erupted onto the ocean floor causing underwater volcanic eruptions that 
discharged billions of tons of lava and ash on the sea floor.  The eruptions built enormous piles 
of volcanic debris many hundreds to thousands of feet thick.  The piles of volcanic debris built 
up high enough that volcanic islands began to break the surface of the water.  More eruptions 
followed, building the islands larger and larger.  As these islands emerged above the water 
surface, erosion began working on their destruction.  The islands were barren masses of 
volcanic debris with no land plants or animals.  Land plants would not evolve until over 200 
million years later during the Silurian and Devonian periods.  With no plants to help hold the 
volcanic debris and soil in place, all of the unconsolidated material would have been easily 
eroded.  Every minor rainfall created torrents of sediment-filled streams and rivers that 
transported their loads into the surrounding ocean.  Frequent earthquakes that accompanied 
the doming and the subduction activity triggered landslides and submarine slides that 
contributed to the destruction of the volcanic islands. 
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The volcanic areas probably went through many cycles of construction and destruction on both 
the Old and New Arcs.  Lava and ash built up small islands or tall land volcanoes only to be 
destroyed by subsequent explosive eruptions and erosion. 

 

Erosion slowly wore the volcanoes down and produced layer after layer of sedimentary rocks 
like, siltstones, sandstone, greywacke and conglomerate.  These sedimentary rocks are often 
found interlayed with lavas and tuffs indicating that the volcanic deposits were undergoing 
erosion in the same time period of active volcanism. 

 

Hydrothermally altered rock (see ŜŀǊƭƛŜǊ ǎŜŎǘƛƻƴ άRock Types in the Parkέ) are common in 
volcanic areas and are common in both the Old and New ArcsΩ rock record.  Both Arcs would 
have had abundant hot springs and/or hydrothermal vents where hot water, heated by the 
magma, circulated through the previously deposited ashes and volcanic debris.  The 
hydrothermal activity extracted silica and other minerals and elements from some rock types or 
added silica to other rock types forming hydrothermally-altered rocks.  Other rock types may 
directly precipitate due to abundant minerals and elements dissolved in heated water and form 
distinct layers (called an exhalative deposit).  Many important economic minerals and metals 
can form in hydrothermal systems and/or other volcanic processes (ex. gold, copper, 
pyrophyllite, kyanite, and barite, etc).  The entire Kings Mountain terrane of Carolinia (the 
specific rocks that underlie the Park) have a long history of mining activities and are discussed 
in another section of this guide.  The Park has abandoned mineral prospects, open pits, a mine 
shaft and other features that reveal the mining history of the past (plates 1 and 2). 

 

Carolinia Rifts Away from Gondwana ς The Story of Crowders Mountain State 
Park 

 

Beginning sometime around 520 million years ago, tectonic forces in the Earth began to pull 
part of Carolinia away from Gondwana (fig. 9).  This was the beginning of the rifting of Carolinia 
from Gondwana and the birth of a new ocean called the Rheic Ocean by geologists.  Carolinia 
began to separate from Gondwana along a system of faults.  As the faults moved, one side of 
the fault moved up and the other side moved down.  Generally, when faults move, geologic 
uplift  occurs on the side of the fault that moved up.  This uplift formed higher ground that 
began to erode sending tons of rock debris down rivers and into the newly formed ocean.  The 
quartzites and metaconglomerates present in Crowders Mountain State Park are examples of 
some of these deposits. 

 

Based on interpretations from Dennis (2014) and the analysis of rock samples from locations 
throughout the Crowders Mountain area (see side bar section on research for more details), the 
first sediment to be deposited (and now preserved in Crowders Mountain State Park) was 
derived from the erosion of volcanic and other rocks associated with Carolinia and the 
Gondwana continent (fig. 10).  As rifting continued, the rifted portion of Carolinia rapidly  
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Figure 9: Diagram showing Carolinia during the initial stages of rifting away from Gondwana with the birth of the 

Rheic Ocean ς ca. 520 million years ago. 

 

 
Figure 10: Diagram showing Carolinia in the process of rifting from Gondwana.  Rapid subsidence caused thousands 
of feet of sediment from Gondwana to be deposited in the forming Rheic Ocean (yellow colored unit labeled KMT).  

This sediment later became the rocks of the Kings Mountain terrane and of the Park. 

 




















































